Introduction
============

Cancer is now a major challenge in field of public health because it has become a leading cause of morbidity and mortality worldwide [@B1]. According to 2017 Cancer Statistics[@B2], a total of estimated 1.68 million new cancer cases and more than 600,000 cancer deaths are expected to occur in the United States in 2017. Tumor biomarkers have been considered as novel research targets to predict tumor prognosis, which is of great importance for disease surveillance and clinical treatment, since the 5-year survival rate remains poor for majority patients [@B1], [@B2].

Long noncoding RNAs (lncRNAs) are types of noncoding RNA which functionally defined as transcripts \>200 nt in length with no protein-coding potential[@B3]. In recent years, increasing studies have shown that lncRNAs are involved in numerous important biological phenomena and uniquely expressed in differentiated tissues or specific cancer types, while it was considered as genomic "junk" and "noise" initially [@B4]. A variety of lncRNAs have appeared to deem as biomarkers for diagnosis and prognosis of patients with cancers. For example,high NEAT1 expression resulting in shorter OS may be a useful biomarker for predicting a poor prognosis [@B5] and high ZFAS1 expression may relate to poor clinical outcome in various cancers [@B6]. LncRNAs might have served as attractive targets in malignant progression and clinical application for cancer treatment [@B7] since their aberrant expression often results in tumor biological processes and is associated with poor prognosis of human cancer.

Zinc finger E-box binding homeobox 1 antisense 1 (ZEB1-AS1) is a non-coding antisense transcript emanating from the promoters of ZEB1, which is a critical transcription factor functioning in many tumors [@B8]. As a well-characterized oncogen-related lncRNA, ZEB1-AS1 is unregulated in various kinds of cancer, including esophageal squamous cell carcinoma (ESCC), hepatocellular carcinoma (HCC), osteosarcoma, glioma, colorectal cancer (CRC), bladder cancer (BC), prostate cancer (PC), B-lineage acute lymphoblastic leukemia (BALL) and gastric cancer(GC) [@B9]-[@B19].

It was observed that high ZEB1-AS1 expression was associated with metastasis and prognosis, thus ZEB1-AS1 may be a potential biomarker for prognosis. However, no meta-analysis has been conducted to date on the correlation of ZEB1-AS1 with the survival of cancer patients. This current meta-analysis is the first one to evaluate the overall clinical value of lncRNA ZEB1-AS1 in different kinds of cancers by analyzing the correlation between ZEB1-AS1 expression level and clinical parameters, and further determine whether ZEB1-AS1 could act as an effective diagnostic biomarker and prognostic factor.

Materials and Methods
=====================

Literature search strategies
----------------------------

PubMed Central, EMBASE, Cochrane Library, Wiley Online Library and Medline were searched by using "long non-coding RNA ZEB1-AS1" or "ZEB1 antisense RNA 1" or "LncZEB1-AS1" or "ZEB1-AS1" as keywords. Reference lists of relevant articles and review papers were also searched manually to identify potential studies. The latest searching time was March 5, 2018.

Inclusion and exclusion criteria
--------------------------------

Inclusion criteria are as followed: (1) Studies were published in English, (2) patients were groupedaccording to the expression level of ZEB1-AS1 in cancer tissues, (3) Clinical data or clinicopathologic parameters including overall survival (OS), gender, LNM, TMN stage or et al. were described, and (4) containing sufficient data for calculating odds ratios (OR) and corresponding 95 % confidence intervals (CI) or a P. value. Exclusion criteria were: (1) animal studies, case reports, meta-analyses, and review articles and (2) papers lacking all raw data or inability to calculate its HR, 95% CI, and p values.

Data extraction and study quality assessment
--------------------------------------------

According to Inclusion and exclusion criteria eligible studies included the first author\'s name, publication year, study regions, sample size, cancer type, sample type and method of ZEB1-AS1 testing. 8 out 10 studies also contain the HR statistics for outcome. For the survival data extraction, the data was directly applied if a study reported the detailed HRs and 95% CIs for survival. Otherwise, the HRs and 95% CIs was retrieved with Engauge Digitizer version 10.1 if a study only provided survival curves [@B20].

Study quality was assessed by using the Newcastle-Ottawa quality assessment scale (NOS). The NOS score items included selection, outcome, and comparability, and ranged between 0 and 9.

Statistical analysis
--------------------

The heterogeneity among studies was identified via I^2^ statistics and chi-square Q test. The random effects model was adopted if there were significant heterogeneity between-studies (I^2^≥50%), otherwise the fixed effects model was used [@B21]. Sensitivity analysis was performed to assess whether the individual study affected the overall results. Statistical significance was defined when the p-value was less than 0.05.

All the statistical analysis above was performed with Stata statistical software version 12.0 (Stata Corporation, College Station, Texas, USA) and RevMan5.3 software (Cochrane Collaboration, <http://www.cc-ims.net/RevMan/> relnotes.htm/).

Results
=======

Literature retrieval and characteristics of eligible studies
------------------------------------------------------------

A flow diagram of literature retrieval process was presented as Figure [1](#F1){ref-type="fig"}. After screening of the title and abstract carefully, 64 irrelevant articles were excluded and 12 potential eligible studies were selected. After further review of the full articles, 2 papers were eliminated due to lack of information regarding survival outcomes or clinicopathological parameters. Based on the standard of article selection, finally a total of 10 publications were included in this meta-analysis [@B9]-[@B18]. They have been all written in English and the publication time of all included articles has been ranged from 2015 to 2017.

A total of 783 patients were included, with sample size ranging from 30 to 124. Nine different types of cancer were included in present analysis, with 1 esophageal squamous cell carcinoma (ESCC), 1 hepatocellular carcinoma (HCC), 1 osteosarcoma, 1 glioma, 1 colorectal cancer (CRC), 1 bladder cancer (BC), 1 prostate cancer (PC), 1 B-lineage acute lymphoblastic leukemia (BALL) and 2 gastric cancer (GC). The main characteristics were summarized in Table [1](#T1){ref-type="table"}. Among the 10 studies, 9 involved tissue collection, and 1 involved bone marrow and plasma analysis. The expression level of lncRNA ZEB1-AS1 was determined with quantitative polymerase chain reaction and normalized to GAPDH or β-actin.

Correlation of high ZEB1-AS1 expression with OS in human cancer
---------------------------------------------------------------

8 out of 10 studies showed OS according toZEB1-AS1 expression levels among the 614 patients. The pooled hazard ratio (HR) was 2.45 (95% confidence interval \[CI\]: 1.89-3.16) for the high ZEB1-AS1 expression group versus low expression group (P\<0.00001; Fig. [2](#F2){ref-type="fig"}). There was no significant heterogeneity (I*^2^*=0%, P~Q~=0.96), and the fixed-effects model was chosen to estimate the pooled HR. This suggested that high expression of ZEB1-AS1 was a predicator of poor prognosis among human cancers.

Correlation of ZEB1-AS1 expression withlymph node metastasis
------------------------------------------------------------

Four studies reported the lymph node metastasis (LNM) of 281 patients based on different ZEB1-AS1 expression levels. Analysis showed a pooled OR=4.00 (95%CI: 2.23-7.17, P\<0.00001) in a fixed-effects model with no significant heterogeneity among the studies (I^2^=0%, P~Q~=0.96) (Fig. [3](#F3){ref-type="fig"}A). The result indicated that overexpression of ZEB1-AS1 was significantly related to LNM.

Correlation of ZEB1-AS1 expression with histologic differentiation
------------------------------------------------------------------

A total of 317 patients in four studies were included to detect the relationship between ZEB1-AS1 expression levels and histologic differentiation in this meta-analysis. We observed a significant association between histologic differentiation and ZEB1-AS1 expression (OR=2.72, 95% CI: 1.69-4.37, P\<0.0001) (Fig. [3](#F3){ref-type="fig"}B). In addition, we also did not observe any significant heterogeneity among the studies (I^2^ =0%, P~Q~ =0.46). This result demonstrated that high ZEB1-AS1 expression might be significantly associated with moderate or poor histologic differentiation.

Correlation of ZEB1-AS1 expression with tumor metastasis and invasion
---------------------------------------------------------------------

Five studies with 171 cancer patients were included in the analysis about the association between ZEB1-AS1 expression and. It was showed that tumor metastasis and invasion (Yes vs. No; OR =2.52, 95%CI: 1.12-5.68; P=0.03; Fig. [3](#F3){ref-type="fig"}C) is related to ZEB1-AS1 up-regulation in patients with cancer.

Correlation of ZEB1-AS1 expression with TNM stage
-------------------------------------------------

Data of total OR and 95%CI of TNM stage were collected from the 7 eligible studies. Analysis showed a pooled OR of 2.76 with (95%CI 1.46-5.21, P=0.002) by a random-effects model as the significant heterogeneity (I^2^=59%, P~Q~ =0.02) (Fig. [3](#F3){ref-type="fig"}D).

A sensitivity analysis was used to figure out the source of heterogeneity. After excluding the Li study [@B14], the heterogeneity declined (I^2^ =34%, P~Q~ =0.18) and the results did not change (OR=2.11, 95 % CI: 1.20-3.71, P=0.009) (Sup-1, 2).The results also revealed a significant difference in the TNM stage between the two groups. Therefore, the results demonstrated that high ZEB1-AS1 expression might significantly related to higher tumor grade in patients with cancer.

Correlation of ZEB1-AS1 expression with other clinicopathological parameters and cancer type
--------------------------------------------------------------------------------------------

In this meta-analysis, we also investigated the correlation of ZEB1-AS1 expression with digestive system tumor and other tumors and other clinicopathological parameters, which are illustrated in Figure [3](#F3){ref-type="fig"} and Table [2](#T2){ref-type="table"}. High ZEB1-AS1 expression correlated with poor prognosis of digestive system tumor (HR=2.62, 95%CI: 1.91-3.58; Fig. [4](#F4){ref-type="fig"}A) and other tumors (HR=2.12, 95%CI: 1.36-3.33; Fig. [4](#F4){ref-type="fig"}B) patients. In addition, ZEB1-AS1 expression was not significantly associated with patients\' gender (Male vs. Female; OR=1.20, 95% CI: 0.87-1.66; p=0.27; Sup-3).

ZEB1-AS1 expression in other cancer types
-----------------------------------------

In order to understand the expression level of ZEB1-AS1 in other cancer types, we used GEPIA, a newly developed interactive web server for analyzing the RNA sequencing expression data from the TCGA and the GTEx projects, to analyze the expression of ZEB1-AS1 in different cancer types[@B22]. The results indicated that the expression of ZEB1-AS1 was higher in the tumor tissues than the corresponding normal issues (Fig. [5](#F5){ref-type="fig"}).

Sensitivity analysis
--------------------

A sensitivity analysis was conducted by using Stata 12.0 to analyze the association between ZEB1-AS1 and OS by deleting one study at a time from the pooled analysis to examine the influence of the removed data set to the overall HR. The result was not influenced by the exclusion of each study, suggesting that the result of the synthetic analysis was robust (Fig. [6](#F6){ref-type="fig"}).

Discussion
==========

LncRNA ZEB1-AS1, first identified as the most efficient lncRNA to boost cellular proliferation in human HCC by Li in 2015, is considered as a cancer-related lncRNA, which has been detected to be up-regulated in many malignancies and may act as a novel oncogene. Li et al [@B10] confirmed that ZEB1-AS1 could promote EMT and HCC metastasis through increasing the activity of ZEB1 promoter. Su et al [@B16] identified that ZEB1-AS1could also increased ZEB1 by indirectly inhibited miR200c to facilitate proliferation and migration of prostate cancer cells, which firstly suggested an impaired regulatory network in prostate cancer. Gong et al [@B13] reported that ZEB1-AS1 expression level of CRC cells can be increased through repressing p15 expression and first confirmed ZEB1-AS1 as an indicator of facilitating tumorigenesisfor colorectal cancer. Lv et al [@B12] demonstrated that ZEB1-AS1 overexpression could modulate the expression of Bax, Bcl-2, Cyclin D1 and CDK2 to influence apoptosis and migration of glioma cell, suggesting a potential prognostic marker for human gliomas. Li et al [@B14] found ZEB1-AS1 expression is associated with ZEB1 protein and demonstrated ZEB1-AS1 served as oncogenic roles in the regulation of EMT process through modulating ZEB1 in gastric cancer, which is similar to previous studies in human HCC. In addition, ZEB1-AS1 expression was found negatively correlated with miR-335-5p expression in gastric cancer tissues, which indicated ZEB1-AS1 may promoted cell proliferation and invasion through suppressing the tumor suppressor miR-335-5p [@B18].Based on these studies and owing to its function, therefore, the significant prognostic value of ZEB1-AS1 up-regulation is confirmed in patients with cancer.

Our meta-analysis was performed to explore the relationship between the expression level of ZEB1-AS1 and clinical outcomes in cancer patients. To our knowledge, this is the first meta-analysis providing comprehensive insights into the clinical value of lncRNAZEB1-AS1 in cancers. The results indicated that high expression of ZEB1-AS1 was correlated with poor OS in different types of cancers, suggesting that ZEB1-AS1 may act as an effective diagnostic biomarker and prognostic factor in various cancers. In addition, subgroup analyses showed that ZEB1-AS1 expression levels were significantly associated with clinicopathological parameters including tumor metastasis and invasion, lymph node metastasis, histologic differentiation and TNM stage.

Heterogeneity was existed between ZEB1-AS1 expression level and TNM stage, which is a potential problem in interpreting the results of any meta-analysis. To resolve this problem, we performed a sensitivity analysis, and the existing heterogeneity obviously declined from 59% to 34% after excluding the Li study [@B14], but the results did not change. This means Li study might have a significant influence on overall heterogeneity. Through our further analysis, we thought the potential sources of heterogeneity for this result may include the sample size, RT-qPCR reaction conditions and systems, different tumor clinical pathological parameters and the inconsistent cut-off value.

The meta-analysis above indicated that high expression of ZEB1-AS1 was associated with poor survival outcome, lymph node metastasis, moderate or poor histologic differentiation, positive tumor metastasis and invasion and high grades of clinical stage. However, several limits should not be ignored in the present analysis. First, both the number of included articles and the sample size in each article were limited. Only 10 studies with 9 types of cancer were included in this meta-analysis. Second, different types of cancers increased the heterogeneity which might influence accuracy of the results. Third, differences may occur between ethnic groups because all the studies were conducted in China. Additionally, there were 4 studies in which HR were calculated through survival curves, thus they may not have provided the most accurate HR estimate. Our results should be confirmed in further studies.

In conclusion, despite the limitations described above, the present study provides the evidence that high ZEB1-AS1 expression may result in unfavorable prognosis in human cancers since it is a risk factor for shorter OS time, LNM, poor histologic differentiation, tumor metastasis and invasion and clinical stage. Moreover, ZEB1-AS1 might be a useful biomarker to predict poorer prognosis in human cancers. However, more clinical studies and data are needed to further confirm the findings of this analysis.
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![Flow chart of studies selection procedure](jcav09p2502g001){#F1}

![Forest plot of HR for ZEB1-AS1 high expression and overall survival](jcav09p2502g002){#F2}
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**Forest plot of ZEB1-AS1 expression and OR for clinicopathological parameters.** The investigated clinicopathological parameters are (A) LNM, (B) histologic differentiation, (C) tumor metastasis and invasion, (D) TNM stage
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![**Forest plot of ZEB1-AS1 expression with OS in digestive system tumor and other tumors patients.** (A) digestive system tumor, (B) other tumors](jcav09p2502g005){#F4}

![**The ZEB1-AS1 gene expression profile across tumor samples and paired normal tissues.** CHOL, Cholangio carcinoma; DLBC, Lymphoid Neoplasm Diffuse Large B-cell Lymphoma; KIRP, Kidney renal papillary cell carcinoma; LGG, Brain Lower Grade Glioma; PAAD, Pancreatic adenocarcinoma; PCPG, Pheochromocytoma and Paraganglioma; THYM, Thymoma.](jcav09p2502g006){#F5}

![Sensitivity analysis of the effect of the individual study on the pooled HRs for the correlation between ZEB1-AS1 expression and overall survival (OS)](jcav09p2502g007){#F6}

###### 

Characteristics of studies included in this meta-analysis

  Author   Year   Country   Sample size   Sample type              Cancer type    LNM     TNM stage   Follow-up   Method    Outcome   HR statistics    NOS
  -------- ------ --------- ------------- ------------------------ -------------- ------- ----------- ----------- --------- --------- ---------------- -----
  Wang     2015   China     87            Tissue                   ESCC           34/53   36/51       60          qRT-PCR   OS,DFS    Reported         8
  Li       2015   China     102           Tissue                   HCC            NA      78/24       50          qRT-PCR   OS,RFS    Reported         8
  Liu      2016   China     50            Tissue                   Osteosarcoma   7/43    41/9        40          qRT-PCR   OS,RFS    Survival curve   8
  Lv       2016   China     82            Tissue                   Glioma         NA      37/45       50          qRT-PCR   OS        Reported         7
  Gong     2017   China     63            Tissue                   CRC            37/26   19/44       60          qRT-PCR   OS,RFS    Survival curve   8
  Lin      2017   China     55            Tissue                   BC             2/53    38/17       NA          qRT-PCR   NA        NA               7
  Su       2017   China     114           Tissue                   PC             NA      27/87       NA          qRT-PCR   NA        NA               7
  Wang     2017   China     30            bone marrow and plasma   B-ALL          NA      NA          \>25        qRT-PCR   OS        Survival curve   7
  Li       2017   China     124           Tissue                   GC             58/66   75/49       72          qRT-PCR   OS        Reported         8
  Zhang    2017   China     76            Tissue                   GC             21/55   37/39       60          qRT-PCR   OS        Survival curve   7

ESCC, esophageal squamous cell carcinoma; HCC, hepatocellular carcinoma; CRC, colorectal cancer; BC, bladder cance; PC, prostate cancer; BALL, B-lineage acute lymphoblastic leukemia GC, gastric cancer; NA, not available

###### 

Results of the association between ZEB1-AS1 and clinicopathological parameters and cancer type.

  Outcome                                                 Studies(n)   OR(HR)   95%CI       P Value     Modle    Heterogeneity
  ------------------------------------------------------- ------------ -------- ----------- ----------- -------- ------------------
  Lymph node metastasis(Yes vs. No)                       4            4        2.23-7.17   \<0.00001   Fixed    0.30, 0%, 0.96
  Histologic differentiation (Moderate + poor vs. Well)   4            2.72     1.69-4.37   \<0.0001    Fixed    2.59, 0%, 0.46
  Tumor metastasis and invasion (Yes vs. No)              5            2.52     1.12-5.68   0.03        Random   8.75, 54%, 0.07
  TNM stage (III+IV vs. I+II)                             7            2.76     1.46-5.21   0.002       Random   14.67, 59%, 0.02
  Gender (Male vs. Female)                                8            1.2      0.87-1.66   0.27        Fixed    7.02, 0%, 0.43
  Digestive system malignancy                             5            2.62     1.91-3.58   \<0.00001   Fixed    1.32, 0%, 0.86
  Other tumors                                            3            2.12     1.36-3.33   0.001       Fixed    0.17, 0%, 0.92
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